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(54) DEVICE AND METHOD FOR DESIGN OF PRINTED CIRCUIT BOARD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To select an optimum 
grade of a printed circuit board according to the 
ratio of the total wiring length that is possible to be 
wired on the circuit board to the total wiring length 
to be wired on the board. 

SOLUTION: An input part 32 inputs the 
information on a printed circuit board to be 
designed, the information on the parts to be 
mounted on the circuit board and the parts 
connection information, a storage part 38 stores the 
information which are acquired from the past 
designs of circuit board in addition to the said 
circuit board information, parts information and 
connection information, a display part 36 displays 
various types of design information including those 
inputted information and an operation/control part 
34 which carries out a prescribed operational 
processing by means of various information stored 
in the part 38 and also controls the parts 32, 36 and 38 respectively are included. In 
such a constitution, the ratio is found, from those information of the part 38, of the 
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total wiring length that is possible to be wired on the circuit board to the total wiring 
length that is necessary for connecting the parts together and a grade of the circuit 
board is selected according to this decided rate. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the printed-circuit board design 
equipment and the design approach of choosing the grade of the optimal substrate in 
more detail about the design equipment and the design approach of a printed-circuit 

board. 
[0002] 

[Description of the Prior Art] There is a substrate of what class distinguished with 
substrate formation techniques, such as a glass fabric epoxy group plate and a build-up 
substrate, in a printed-circuit board. This type of some which are distinguished [ as 
opposed to / how many kinds / that substrate ] by design bases (design Ruhr), such as 
"4S2P (four signal planes, two voltage planes)" and "6S2P (six signal planes, two 
voltage planes) etc.", exists, the class and type of a substrate responding ■- the 
wiring width of face of the conductor of the substrate, wiring spacing, spacing of the 
land of a beer hole, and a conductor, the configuration of a wiring layer, and the 
conductor of a different wiring layer the beer hole which connects comrades differs 
from size, its formation approach, etc. of a land. Realizable wiring consistencies differ 
according to the class and type of a substrate. Grade can be attached to a substrate 
according to a realizable wiring consistency. The wiring consistency which realizes 
[ the high substrate and high call of grade, and ] a substrate with a realizable high 
wiring consistency calls a low substrate the low substrate of grade. The substrate of 
high grade can wire many signals per unit area compared with the substrate of low 
grade. If conditions, such as substrate size and a wiring total, are the same, since the 
degree of freedom of wiring becomes high in the higher substrate of grade, wiring will 
become easy and the design time will also become short. However, in order [ which 
narrows wiring width of face and wiring spacing ] to reach and to make a beer hole and 
its land small, a more advanced manufacturing technology is needed. Therefore, the 
manufacturing cost of the substrate also becomes high, so that grade becomes high. 
[0003] The grade of a substrate is chosen by experience of a printed-circuit board 
designer from some selection candidates. In selection by experience of such an 
individual, the high grade beyond the need may be chosen or the low grade which 
cannot wire actually may be chosen. Selection of the high grade beyond the need raises 
a manufacturing cost compared with the substrate of the grade which. should be chosen 
essentially. Moreover, if grade lower than the grade which should be chosen essentially 
is chosen, since wiring will become impossible, grade is rechosen and it must design 
again. 
[0004] 

[Problem(s) to be Solved by the Invention] The purpose of this invention asks for the 
rate of the total wire length which can wire a substrate, and the total wire length 
which should wire a substrate, and is to choose the grade of the optimal substrate 
based on this rate. 
[0005] 

[Means for Solving the Problem] The printed-circuit board design equipment of this 
invention includes a means to ask for the rate of the total wire length which can wire 
the area which subtracted and asked for the area of the part in which said wiring is 
impossible from a means to ask for the area of a substrate, a means to ask for the area 
of the part which cannot wire a substrate, and the area of said substrate, and which 
can be wired, and the total wire length required for the connection of said component. 
[0006] Moreover, the printed-circuit board design approach of this invention contains 
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the step which asks for the rate of the total wire length which can wire the area which 
subtracted and asked for the area of the part in which said wiring is impossible from 
the step which asks for the area of a substrate, the step which asks for the area of the 
part which cannot wire a substrate, and the area of said substrate, and which can be 
wired, and the total wire length required for the connection of said component. 
[0007] 

[Embodiment of the Invention] Next, the design equipment of the printed-circuit board 
concerning this invention and the gestalt of operation of the design approach are 
explained in detail based on a drawing. The basic configuration of the printed-circuit 
board design equipment concerning this invention is shown in drawing 1 . The input 
section 32 is used for the input of information required for the design of substrate 
information, components information, connection information, etc. The storage section 
38 memorizes information, such as the substrate information and components 
information that it was inputted from the input section 32, and connection information. 
A display 36 displays inputted information and various information about a design. An 
operation and a control section 34 perform control of the input section 32, a display 36, 
and the storage section 38 while performing predetermined data processing using the 
various information inputted into the storage section 38. The printed-circuit board 
design equipment of this invention containing these input section 32, a display 36, an 
operation and a control section 34, and the storage section 38 also includes the 
function of conventional printed-circuit board design equipment. Moreover, the various 
information acquired from the printed-circuit board designed in the past, such as the 
number prediction information of beer mentioned later, the number amendment 
information of beer, and design days information, is beforehand memorized by the 
storage section 38 of the printed-circuit board design equipment of this invention. 
Moreover, the information on the index mentioned later (INDEX information) is also 
memorized by the storage section 38. 

[0008] The information about substrates, such as a dimension of a substrate and its 
area, is included in the substrate information inputted from the input section 32. The 
information about the grade of a selection candidate's various substrates is also 
included in substrate information. The information about components, such as a 
configuration of each part article, a dimension, the number of terminals, and a part 
number, and the information about the arrangement location of components are 
included in components information. In connection information, they are components 
(terminal of components). Information, such as connection information, and the 
number of signals of components, the number of power sources, is included. These 
substrates information, components information, and connection information also 
include the information inputted into conventional printed-circuit board design 
equipment. 

[0009] The design equipment of the printed-circuit board of this invention asks for the 
rate of the total wire length which can wire a substrate, and the total wire length 
which should wire a substrate from the substrate of a selection candidate's various 
grade. Since the degree of freedom of wiring becomes high so that the total wire length 
which can wire a substrate compared with the total wire length which should wire is 
large, wiring becomes easy and possibility that wiring will be realizable becomes high. 
On the contrary, since the degree of freedom of wiring becomes low so that the total 
wire length which can wire a substrate compared with the total wire length which 
should wire is small, wiring becomes difficult and possibility that wiring will be 
realizable becomes low. Therefore, if the value of the above-mentioned rate whose 
wiring is attained based on the printed-circuit board designed in the past is calculated 
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beforehand, it can judge whether it can wire based on the above-mentioned rate to each 
grade of a selection candidate. Hereafter, this rate is also called INDEX (index). With 
this operation gestalt INDEX=(total wire length which can wire substrate)/ (the total 
wire length which should wire a substrate) ... (l) 
A definition is given. 

[0010] An example of the grade of a substrate and relation with Above INDEX is shown 
in drawing 2 . However, grade "FR4 5LPC" is PTH (Plated Through Hole) which used 
glass fabric epoxy material. It is the substrate with which-five wiring is prepared in 
the tooth space between lands of beer, and grade "SLC(Surface Laminar Circuit: IBM) 
1+1 RFP" is a substrate which has an every one layer build up layer in the both sides of 
a substrate and which made up for PTH by resin and enabled wiring of a resin top. 
Since a wiring consistency becomes high so that the grade of a substrate becomes high, 
the total wire length which can wire (lHype substrate becomes large, and the value of 
INDEX also becomes large. Moreover, since the degree of freedom of wiring becomes 
high so that the value of INDEX is large, printed-circuit board design equipment of 
overflow of automatic wiring performed by count decreases, and design days (TAT^Turn 
Around Time) also become short. Here, overflow expresses the number of wiring which 
was not able to carry out automatic wiring. In order that an engineer may wire 
manually, the number of manual wiring of the part which was not able to wire 
increases, so that overflow becomes large, and design days increase it exponentially. 
[0011] Thus, correlation is between the grade of a substrate, and INDEX and 
correlation is also between INDEX and design days. The relation between these 
INDEX(s) and design days is beforehand inputted into the storage section 38 as design 
days information. Design days information is created based on the data of the 
printed-circuit board designed in the past. Therefore, the value (range) of INDEX 
according to the design period for which it wishes is chosen from design days 
information, and it memorizes as INDEX information in the storage section 38. For 
example, the range of the value of INDEX corresponding to the 5th to ten days 
(4.25-4.75) is chosen from design days information and INDEX is made to memorize the 
value (4.25 and 4.75) of this range to design from the 5th in ten days. And the value of 
INDEX is calculated from the substrate of a selection candidate's various grade, and 
the substrate of grade with which INDEX serves as a value of said range is chosen. 
Thereby, the substrate of the low grade of cost which can be wired can be chosen. 
[0012] (1) The total value of the shortest length (Manhattan length) of the connection 
of components is used for the total wire length which should wire the substrate of a 
formula. As shown in drawing 3 , the shortest length (Manhattan length) is not the 
actual minimum distance (LI, L2, Ln) but the minimum distance (Lxl+Lyl, 
Lx2+Ly2, Lxn+Lyn) expressed with the sum of the distance of two perpendicular 
directions (the direction of X, and the direction of Y). These shortest length 
(Manhattan length) is computed from connection information. 
[0013] 

(The total wire length which should wire a substrate) = (total value of the Manhattan 
length) 

=(Lxl+Lyl)+(Lx2+Ly2 
+ ... + (Lxn+Lyn) ... (2) 

[0014] (l) Ask for the total wire length which can wire the substrate of a formula from 
the area of the part which can wire a substrate. It asks for the area of the part which 
can wire from the wiring layer of the whole substrate. When drawing wiring, the 
datum line with which regular intervals intersect perpendicularly is formed on a 
substrate, and wiring is drawn on this datum line. Generally this datum line is called a 
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grid. It can be considered that the minimum value of wiring spacing is spacing of this 
grid. Therefore, it can ask for the total wire length which can wire a substrate from the 
area which can be wired and the grid interval of a substrate. 
[0015] 

(The total wire length which can wire a substrate) =(wiring of substrate is possible 
Noh mask product)/ (grid interval) ... (3) 

[0016] Here, it can ask for the area of (3)-type substrate which can be wired from the 
area of the part in which the area of a substrate and wiring of a substrate are 
impossible. 

(Wiring of a substrate is possible a Noh mask product) = (area of a substrate) - (area of 
the part which cannot wire) 
... (4) 

(4) It can ask for the area of the substrate of a formula from substrate information. 
However, with the substrate 10 of the L character mold shown in the substrate 8 and 
drawing 4 (b) of the square mold shown, for example in drawing 4 (a), even when the 
area of a substrate is the same, as the dashed line which connects between Points AB 
shows, the degree of freedom of wiring becomes [ the direction of the substrate 8 of a 
square mold ] high. That is, even when the area of a substrate is the same,, the degree 
of freedom of wiring changes with substrate configurations. This means that an error 
arises in the value of INDEX by the difference in the configuration of a substrate. 
[0017] With this operation gestalt, the substrate effective area of the imagination 
which took the substrate configuration into consideration is used as an area of (4)-type 
substrate. It asks for effective area from the actual area Sa ( drawing 4 (b)) of a 
substrate, and the maximum area Sm of imagination ( drawing 4 (c)). It is a correction 
factor kk from the rate of specifically as opposed to the virtual maximum area Sm of 
the substrate area Sa. = Sa / Sm is calculated, the substrate area Sa is multiplied by 
this correction factor k, and it is effective area SeSe. = k x Sa is calculated. The virtual 
maximum area Sm is the area of the square on the basis of the outermost periphery of 
a substrate. Therefore, a correction factor k becomes so large that the configuration of 
a substrate is close to a square. However, it is 0< k<l. 

[0018] By performing such amendment, as shown in drawing 4 (d), it can ask for the 
substrate area (effective area Se) of the imagination which took the configuration of a 
substrate into consideration. Effective area Se is an area smaller than the actual 
substrate area Sa which took the area of a part with the low degree of freedom of 
wiring into consideration. By adding such amendment to substrate area (Sa), the error 
of INDEX produced from change of the degree of freedom of wiring by the difference in 
a substrate configuration can be decreased. 

[0019] Moreover, the area of the part which cannot wire (4) types is the sum total of the 
area of the parts of the substrate rim section, the hole for assemblies, an electric 
conduction pad, a pin hole, a beer hole, etc. which cannot be wired, part (24) which the 
substrate rim section cannot wire in the substrate periphery section as shown in 
drawing 3 it is . The hole for assemblies is a hole which lets the screw for fixing a 
substrate etc. pass. An electric conduction pad is a terminal pad for connecting the 
lead 22 of components 28 to a substrate, as shown in drawing 3 . A pin hole is a hole for 
inserting the pin of components. A beer hole is a hole for interlayer connections. 
However, the area of these holes also contains the area of the land of the hole. 
[0020] It can ask for the area of the above-mentioned substrate rim section, the area of 
the hole for assemblies, and its number from substrate information. Moreover, it can 
ask for the area of a pad, the area of a pin hole, and those numbers based on 
components information. However, the number of beer holes is not determined before 



wiring. Therefore, it cannot usually ask for the gross area of a beer hole before wiring. 
[0021] By the design equipment and the design approach of a printed-circuit board of 
this invention, the number of beer holes is predicted before wiring. As shown in 
drawing 5 , specifically, the number of beer holes is predicted to be the grade of a 
substrate from the number of signals and the number of power sources of components. 
Information required to predict such a number of beer holes is beforehand inputted 
into the storage section 38 as number prediction information of beer. The number 
prediction information of these beer is created based on the data of the printed-circuit 
board designed in the past. In drawing 5 , grade "SLC (l + l - 4S2P)" (here, it is 
SLC^Surface Laminar Circuit) is the substrate which had an every one layer build up 
layer in both sides, and used FR4 (glass fabric epoxy material) of 4S2P (four signal 
planes and two voltage planes) for the substrate of the base. Moreover, the number of 
beer holes is PTH (Plated Through Hole). It asks as the sum of the number of beer, and 
the number of photograph beer. "FV1/BV1" which forms photograph beer expresses the 
layer t 1st ] build-up layer formed on FR4 substrate, and "FV2/BV2" expresses the 
build-up layer of the two-layer eye on it. 

[0022] It becomes possible to ask for the number of beer holes before wiring by using a 
means to predict the number of beer holes to be the grade of such a substrate from the 
number of signals and the number of power sources of components. It can compute 
wiring impossible area by the size of a beer hole being decided by grade of a substrate, 
and asking for the gross area of a beer hole from the number of beer holes for which it 
asked. Thereby, it becomes possible to calculate INDEX from the substrate of a 
selection candidate's various grade before wiring. 

[0023] Moreover, the wiring layer of the whole printed-circuit board contains the 
signal plane and the voltage plane, and can also amend the number of beer holes for 
which it asked according to the number of these signal planes. As shown in drawing 6 , 
specifically, the number of beer holes which asked for the correction factor according to 
a signal number of layers, multiplied the number of beer holes by this correction factor, 
and asked for it is amended. Information required for amendment of such a number of 
beer holes is beforehand inputted into the storage section 38 as number amendment 
information of beer. The number amendment information of beer is created based on 
the data of the printed-circuit board designed in the past. By using a means to amend 
the number of beer holes according to such a signal number of layers, the number of 
beer holes can be predicted more correctly. Thereby, it can ask for the gross area of a 
beer hole more correctly. 

[0024] Moreover, by the design equipment and the design approach of a printed-circuit 
board of this invention, in addition to the area of a beer hole and its land, as shown in 
drawing 7 (a), the wiring inhibition area by forming a beer hole and its land 20 is also 
taken into consideration, and it asks for the area Sb of the part which cannot wire. 
Drawing 7 (a) shows the wiring inhibition area by the beer hole and its land 20. It is 
the lay length as the wiring 42 which passes along a beer hole and its land 20 with 
same die-length a, and the value of the die length is beforehand set up based on the 
data of the printed-circuit board designed in the past. When spacing of the grid which 
serves as [ diameter / of a beer hole and its land 20 ] criteria of d and wiring in R, a 
beer hole, and spacing of the land 20 and wiring is set with G, the wiring impossible 
area Sb by having formed a beer hole and its land 20 is Sb= x(D-G) a. ... It can express 
(5), however D= (R+2d)/root2. In addition, rootn expresses the square root of n. The 
area which can be found in Dxa is equivalent to the area during wiring a beer hole and 
whose land 20 of its are pinched, and the area for which it asks by Gxa is equivalent to 
the area of wiring which passes along a beer hole and its land 20. Sb expresses the area 



of the wiring 44 which was able to be drawn if beer and a land 20 were not provided as 
shown in drawing 7 (b). The value of a is beforehand set by having formed one beer and 
a land 20 based on the past substrate data to the value showing the wiring 42 lay 
length which passes along the beer and the land 20 of the field whose wiring becomes 
impossible, 2.54 [ for example, ], [mm]. 

[0025] Thus, it can ask for the wiring impossible area by preparing a hole and its land 
more correctly by asking for the wiring inhibition area by preparing a hole and its land 
in addition to the area of a hole and its land. Thereby, it can ask for the area of a 
substrate which can be wired more correctly. 

[0026] The printed-circuit board design procedure which used the printed-circuit board 
design equipment of this invention for drawing 8 is shown. The range of 4.25-4.75 is 
set to INDEX information. This range changes with design days to wish. With this 
operation gestalt, design days have chosen the value (range) of INDEX used as the 5th 
- the 10th from the design days information shown in drawing 2 . substrate 
information is inputted (S100) the logical circuit which connects between 
components is inputted as components information and connection information (S102). 
As shown in drawing 2 , the information about six kinds of a selection candidate's 
grade is included in substrate information. INDEX is computed for arrangement of 
components for every grade of a deed (S104) and a substrate (S106). An example of the 
calculation result of INDEX for every grade is shown in drawing 2 . 
[0027] it judges whether the grade from which INDEX serves as predetermined range 
(4.25-4.75) exists (S110) - arrangement of components will be changed if there is no 
grade from which INDEX serves as predetermined range (S112) ■■ INDEX is calculated 
again (S106). If there is grade from which INDEX serves as predetermined range, the 
substrate of the grade will be chosen. The substrate of "SLC 1+1" is chosen in the 
example shown in drawing 2 . When there is two or more grade from which INDEX 
serves as said predetermined range, if cost is thought as important, the low substrate 
of grade will be chosen, and if a design time is thought as important, the high 
substrate of grade will be chosen. If the grade of a substrate is decided, wiring of Rhine 
(Critical net) which should be noticed about signal qualities, such as noises, such as 
power-source (Power) Rhine, grand (Gnd) Rhine, high frequency Rhine, high current 
Rhine, and Bath Rhine, and delay, will be designed (S114). Manual wiring of a deed 
(S116) and the part which was not able to carry out automatic wiring is carried out for 
automatic wiring after that (S118). 

[0028] moreover, each field [(l l) and ... which were classified into 8x4 as INDEX was 
shown in drawing 9 besides asking from the whole substrate, (l, 8), (4, l), and ...] (4 
8) every - INDEX is calculated, these can be averaged and the whole INDEX can also 
be calculated. It asks for each parameter required to calculate each INDEX for every 
field, when not asking for every field, the number of signals of the field to the number 
of signals and the number of power sources of all fields and the number of power 
sources are comparatively alike, and it responds and asks for the parameter of the 
field. For example, field (l l) It asks for the number of beer holes from x (the number of 
beer holes of all fields) [/(the number of signals and the number of power sources of a 
field (1 l)) (the number of signals and the number of power sources of all fields)]. 
[0029] When INDEX is calculated for every field, the effectiveness of arrangement 
modification (S112), manual wiring (S118), etc. can be raised. For example, when 
INDEX of a specific region is extremely small, it means that wiring is focusing on the 
field. Then, it can carry out moving some of components in the field to other fields etc., 
wiring can be distributed to other fields, and INDEX of the field can be brought close to 
the whole average. Moreover, after carrying out manual wiring of the inside of the field, 



it can perform performing automatic wiring etc. Thus, if INDEX is calculated for every 
classified field, management when the problem has arisen locally will become easy. 
[0030] As mentioned above, although many things were explained based on the 
drawing about the design equipment of the printed-circuit board concerning this 
invention, and the example of the design approach, this invention is not limited to the 
design equipment and the design approach of a printed-circuit board which were 
illustrated. For example, when the grade of a substrate is already determined on 
account of the budget etc., this invention can be used as a means to predict design days. 
In addition, this invention can be carried out in the mode which added the 
amelioration which becomes various based on this contractors knowledge in the range 
which does not deviate from the meaning, correction, and deformation. 
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[Brief Description of the Drawings] 

[Drawing l] It is drawing showing an example of the basic configuration of the 
printed-circuit board design equipment concerning this invention. 

[Drawing 2] It is drawing showing an example of the relation between the grade of a 
substrate, INDEX, and design days. 

[Drawing 3] It is drawing explaining an example of the area which cannot wire a 
substrate, and the substrate rim section and a putt part are shown. Moreover, it is also 
drawing explaining an example of the shortest length (Manhattan length) of the 
connection between components. 

[Drawing 4] It is drawing explaining the area of a substrate and is this drawing (b). It 
is drawing showing an actual area, and is this drawing (c). It is drawing showing the 
maximum area of imagination, and is this drawing (d). It is drawing showing the 
effective area of imagination. 

[Drawing 5] It is an example of the data for expecting the number of beer holes from 
the grade, the number of signals, and the number of power sources of a substrate. 
[Drawing 6] It is an example of the data for asking for the correction factor of the 
number of beer holes from the grade and the signal number of layers of a substrate. 
[Drawing 7] It is drawing explaining the wiring inhibition area by preparing a hole. 
[Drawing 8] It is drawing showing an example of the substrate design procedure using 
this invention. 

[Drawing 9] It is drawing showing the substrate classified into two or more fields. 
[Description of Notations] 
10- Printed-circuit board 
20: Hole 
22: Pad 

24: Substrate periphery section 
26: The classified field 
28: Components 
32: Input section 

34: An operation and a control section 

36: Display 

38 : Storage section 

42 44: Wiring 
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[Claim(s)] 

[Claim l] The substrate information on the printed-circuit board to design, the 
components information mounted in this substrate, It asks for the rate of the total wire 
length which can wire this substrate, and the total wire length required for the 
connection of these components based on the connection information on these 
components. A means to be printed-circuit board design equipment which chooses 
grade of a substrate based on this rate, and to ask for the area of a substrate, As the 
total wire length which can wire the area which subtracted and asked for the area of 
the part in which said wiring is impossible from a means to ask for the area of the part 
which cannot wire a substrate, and the area of said substrate, and which can be wired, 
and the total wire length required for the connection of said component, comparatively 
Printed-circuit board design equipment including a means to ask for (it is hereafter 
called an index). 

[Claim 2] Printed-circuit board design equipment of claim 1 including a means detect 
coincidence with the value of a means memorize the correspondence relation between 
the design days of a printed-circuit board, and said index, a means memorize the value 
of the index corresponding to the design days to wish calculated from said 
correspondence relation, and the index of the printed-circuit board to design, and the 
value of the index corresponding to said design days to wish. 

[Claim 3] Printed-circuit board design equipment of claim 1 including a means by 
which a means to ask for the area of the part in which said wiring is impossible 
predicts the number of beer holes prepared in this substrate based on the grade, the 
number of signals, and the number of power sources of a substrate, or claim 2. 
[Claim 4] Printed-circuit board design equipment of claim 3 with which a means to 
predict said number of beer holes includes a means to amend said predicted number of 
beer holes, based on a signal number of layers. 

[Claim 5] Printed-circuit board design equipment of either claim 3 in which the area of 
the part in which said wiring is impossible contains the wiring inhibition area by 
having prepared said beer hole and its land in the substrate, or claim 4. 
[Claim 6] Design equipment of the printed-circuit board of claim 5 which is the area 
which carried out the multiplication of the die length during wiring pinch the 
predetermined die length of the wiring direction which passes along said beer hole and 
its land, said beer hole, and its land of said whose wiring inhibition area, and found it. 
[Claim 7] Design equipment of the printed-circuit board of claim 6 which is the area 
which subtracted the area which carried out the multiplication of the die length 
equivalent to the width of face of wiring with which said wiring inhibition area passes 
along the predetermined die length of the wiring direction which passes along said 
beer hole and its land, said beer hole, and its land, and found it from said area for 
which carried out multiplication and it asked, and asked for it. 

[Claim 8] Printed-circuit board design equipment of either claim 1 which asks two or 
more fields for said substrate, and asks for said index for every partition opium poppy 
and each [ which was classified ] field thru/or claim 7. 

[Claim 9] Printed-circuit board design equipment of either claim 1 whose area of said 
substrate is the effective substrate area of the imagination which multiplied said 
actual substrate area by the ratio of an actual substrate area to the maximum 
substrate area of the imagination on the basis of the substrate outermost periphery, 
and asked for it thru/or claim 8. 

[Claim 10] The substrate information on the printed-circuit board to design, the 
components information mounted in this substrate, It asks for the rate of the total wire 
length which can wire this substrate, and the total wire length required for the 



connection of these components based on the connection information on these 
components. The step which is the printed-circuit board design approach which 
chooses grade of a substrate based on this rate, and asks for the area of a substrate, As 
the total wire length which can wire the area which subtracted and asked for the area 
of the part in which said wiring is impossible from the step which asks for the area of 
the part which cannot wire a substrate, and the area of said substrate, and which can 
be wired, and the total wire length required for the connection of said component, 
comparatively The printed-circuit board design approach containing the step which 
asks for (it is hereafter called an index). 

[Claim ll] The printed-circuit board design approach of claim 10 containing the step 
which chooses the grade of a substrate so that the value of the step which chooses the 
value of the index corresponding to the design days to wish from the correspondence 
relation between the design days of a printed-circuit board and said index, and the 
index of the printed-circuit board to design may turn into a value of the index 
corresponding to said design days to wish. 

[Claim 12] The printed-circuit board design approach of claim 10 containing the step 
the step which asks for the area of the part in which said wiring is impossible predicts 
the number of beer holes prepared in this substrate to be based on the grade, the 
number of signals, and the number of power sources of a substrate, or claim 11. 
[Claim 13] The printed-circuit board design approach of claim 12 that the step which 
predicts said number of beer holes contains the step which amends said predicted 
number of beer holes based on a signal, number of layers. 

[Claim 14] The design approach of the printed-circuit board of claim 12 containing the 
step which asks for the wiring inhibition area by having prepared in a substrate said 
beer hole containing the step which carries out the multiplication of the predetermined 
die length of the wiring direction where the step which asks for the area of the part in 
which said wiring is impossible passes along the step which finds the die length during 
wiring whose beer hole and its land of said pinch, the die length during wiring for 
which it asked, said beer hole, and its land, and its land, or claim 13. 
[Claim 15] The design approach of the printed-circuit board of claim 14 containing the 
step which carries out the multiplication of the die length equivalent to the wiring 
width of face by which the step which asks for said wiring inhibition area passes along 
the predetermined die length of the wiring direction which passes along said beer hole 
and its land, said beer hole, and its land, and asks for a wired area, and the step which 
subtracts the area for said wiring from said wiring inhibition area. 

[Claim 16] The printed-circuit board design approach of either claim 10 containing the 
step which classifies said substrate into two or more fields, and the classified step 
which asks for said index for every field thru/or claim 15. 

[Claim 17] The printed-circuit board design approach of either claim 10 in which the 
step which asks for the area of said substrate contains the step which asks for the 
maximum substrate area of the imagination on the basis of the substrate outermost 
periphery, the step which asks for the ratio of an actual substrate area to the maximum 
substrate area for which it asked, and the step which multiplies said actual substrate 
area by the ratio for which it asked thru/or claim 16. 
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BHH-T 5 y y > h EISS*© J&IB©^ MEfclt 5 
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1 2] WEE«^Riii6aap^<oii«**«>* 
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;W T'EBySftSvKofr©*^:/*^,, ££©aM 

Rtf^-rytiSCT, *©s«©j|ft©ES£*s> sama 

fig, S4«i3tSSOill(*H±*»«tStr7 
tf5>K©tMX**©JBJdttr8<SffJW:S. §«©S 

SRfjjl4EIIHBSK*SUTH »Rfcifl/-Ffctt#*<: 

©ifi^Sfifciftf* WSffifcEfiffiifcWK^Sfi*? 
b-FCtt^SSfctf-K. K^fU- K©S«fi, ffl^ 
yi/- F©g&tCi±^T|itM&/c <3 £ < ©fl^%E 

\i, F©Ki^SlSK H BBtl© s < &S© 

T% EMUiSAEfttK *©RfH$iHt>js<ft4. la> 

U E$*I^EI£P.5li£$<-tSRl>"e7 • 
©7> F*<h* < t^tztbiai., XQlX&ltW&fflitt 
*©£&, 7U-FtfK<&5l5£*©l 

[0 0 0 3] Sffi©^U-Ftt, ^<ofr©j§S^$© 

Ti^5. c©*3ftfflA©8iWcJ:33lflrt?tt, 
±©JS^7U-F*SJRL;fc!K ^IKttEB^nlfilft 
{gv>?V-F£jiftUTL3:9C.i:tf££. &BW±© 
S^l/-K*IHRt*i:v **S«-r^t^U~F© 
SftKJt^TSBinXFfflJW"*. **3HRt 
<%{fU— FiOiSV^U— F^^HR^Sfcx Ei&Stf* 
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BSil3©*«©#»] #»c, *«wc«*^y>FE« 

S«©»ltSBRtfBffl-*a©^Mi©«88to^T» 0 
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sstiis, ^ 0 a D if^R^inf^©isttti:^^is^ 
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3 c t K <fc D\ ESUlc e7 • c t 

pJ&£&3o £7-*-;l/©1MXtt»S©yu-KT? 
ft£ t)> **felT7 • *.-;VR*»6^7 • *-;KMfifi 

0> E»ttKS««*IO*a^U-Koa«k:J*bTI 
N D E X£##>3 C fctfRTttK**. 
[0 0 2 3] *fc, 7'J > FE^S«^{*OBB^l«> 

ft**** c©*§IE&ft£tr7 • *-;l/ftfc«UT % * 
*fcl£7«*-;l>tt*liiEt5o C©J:541T7«*- 
;l/»©ffiIEK:&gft1t««, tf7ft*ifIE11t$8£ LTEtt 
»3 8lC*»A*«nTt>«. e7ft»jE1S«tt» 1* 
CBMH- 1 fey U > F E^S^Cr- * * 1 1 Kff *S ft 
5o COJ:5*fll^l»Kj£;UTe7«*-;b»**liE 
t«?®*ffl^*c4:lc«fcD, e7-*-;l/»**t)iE 

[0 0 2 4] $ ft. *«il3oyu > hKWMROI»HS 
■RlflRlf^ftTa:, lf7 • *-/uaif*05VKOiB 
HJCiOAT, H.7 (a) tC^-r^dK, tT7 • *-;VR 
> F 2 0 c t ic <t SE^IiSBait 
ittcXftT, BBPFRriift»^OiiaiSb*#«>*. 0 
7 (a) ttVT7 • *-;I/Rtf*O5>F2 0KJ:*rai 
PlSffia^LT^5 0 S$ a«e7 • *-;HfctftO 

g^T^fe^bT*5< 0 IT7 • *-;I/Rtf*©5V 
F 2 0 OBg* R, tT7 • > F2 Ot 

IH^ i: <DF^H^ d , E^©»?P * 5 ^ U «y KOBIH* 
Ci:*5< fc, ^7 • *-;l/Rtf*O7>K2 0*R»tfc 
C t \t J: SE^oftgffia S b tt % 
S b= (D-G) x a • • • (5) 
ftfc'U D= (R + 2d) /f 2 
ilg-rctA^T'f So Vn{in<0¥?3ffi^to 
D x a 5®a«tT7 • *-A-Rtf*05>K 2 0 
*»OEtilfflOi»Kffia U GXa T*#463ffi$«e 
7 • *-/WRtf ^©7 y F 2 0?rlSEii©ffiaicffl^ 
■TSo Sb«> 07 (b) fc^-f<fc3K, lf7Rtf7> 
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F 2 0 J&RitTl^&tftltfSI < £1 feE8 4 4 <D 

mm^to a omit. l*©Sfir-**fcfclc, 1 
OC0e7RO*7> K 2 0 ZmitcC i:E<fc?TEi|§tf* 
i>Ifi&i:a3«i«0» fcT7Rtf7:/F2 0£l?>Elg4 2 
^Flft©****^ 09*tf2. 5 4 [mm] tc^46|g 
£LT*5<« 

CO 0 2 5] COJ:5E» *-;l>fttf*©5VF©iEtl 

*Rtf5c fcc«k*E«^Rlliliif[*«k0iEStt*i65 io 
cfctfT-f*. cftfcJ:*), S8t0E&Rlftig«*<fc9 

[0 0 2 63 08 lc*5BBO^U > r-ES&HSfxfi+gi 
*fflV^fc^'J > HESSSffilSfN^fc^-r, INDEX 

4. 2 5-4. 7 5 0lElltf®£SftT^ 

5B~1 0Bt&5 I NDEXcDffi (KB) 
TV**. g&1ifS*A*jL (S 1 0 0) % $&ffifHRtf 

tsMtHMH2:« »fiM*»tt*si&sisiK*:Mjt* (s 20 

10 2). SStifBlcti, 01* tfH 2 1 

SOEHfcfT^ (S 1 0 4) , SSO^lz-FcrkC 1 
NDEX*gffi-f£ (S 1 0 6) o FcTfc© I N 

d e x0Jwms*0HM*h 2 ICSVT „ 

[0 0 2 7] I -N D E X Iffl&DWm ( 4 . 25~4. . 
7 5) fc4*?l/-Ktf£OT*JW»J£b (S 1 1 0) 

, I NDEX*^©IBfflfc*5^U-F*Wn 
tf, g|5p a p<DEg£^HLT (S 1 1 2K Sftl NDE 
X£#&3 (S106) o I NDEXtf^OSBB^fc 30 

0 2 fc*Lfcffin*H\ r S L C 1 + 1 J ©S^tflft 
ZtiZo INDEX hWitiffiifetOfflffl tli%W~-Y 
US* 3^F*®i'f*ft5yi'-FOfi^ 
SSfcfHRU RfrB#lffl*S$*Sft5?l/--F©JS^ 
gffi£S#?-f3 0 »g©?U-Ftffc$fttf, 1® (P 
ower) ^7VF (Gnd) 7^^> 

•OOTftJllCffilt^t^-f > (Critical 
net) OESOSW-*ff5 (SI 14). *<0&Stt 40 

E»*fT^-(s 116), iiE«"e*4*»-3fc»»* 

#»EtitS (S 1 1 8) „ 
[0 0 2 8] 1 N D E Xtt«R£KfcttLT*fc 

Sfilflfc* 09lC*f JcSfc, 09*.tf8X4EE#tt2 
ftfcSfflttKl. 1). • • '. (1.8). ■ • •. (4. 1). \ (4. 8)] Cf 
ZK. I NDEXfc^&T, cne>£¥i$bT£ft©I N 
DEXZX&ZZt&T'ZZo SI NDEX**ft«© 
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[0 0 2 9] S^CTfcUlI NDEX**fc;fc«£ % E 
1^1 (S 1 1 2) ^¥g)E® (S 1 1 8) ^oa*% 
GLtS-SSCfctf?**. 0lj*tf> I NDE 

Xtf©«M^$£«> *0««fcE»#a»f> LTV 

fr£fl!l0««fc»t5LTE**ffl0««£$HRL* f- 
©fl$© I N D E Xft^ffrOTSfcilWttSt fctfT* 
3„ *©fiB8rt*¥ME«Lfc«lcg|(IEa*ff 

ict^fe-et*. coddle, E#tt*ftfc{B«cTfc 

•CO 0 3 0] W±, *5BBK«*yj ^FEUSffiOR 
■tf, ^g©SI5£l?T'g«©?"L- KA'ffiC^? ttTV 

[0 1 ] *J»fiKff«yu V KEItSfifiltSIOS* 
[02] «gO^U-Kfc I NDEXRtfRftBSfc© 

[03] ^0E8*^£&iS8WHH*Kifl**HT? 
*D> afiM-HWfc^-y F«#*a<LT^S. gp 

50T*t*S o 

[04] wk<mwtwm^mxh i o, nm (b) a 

mBOffiSt^tHT?*!?, Is]0 (c) ttiRgOg^B 

a^/Tst0T'*»), nea (d) itw&v^wmmzmt 
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